Little attention has been given to the occurrence of exocellular hydrolytic enzymes associated with the roots of higher plants. Such enzymes, if present, could solubilize macromolecular constituents of organic soils, permitting uptake and utilization by the plant of the resultant low molecular weight organic compounds. The present work supports this concept by demonstrating that several exocellular hydrolytic enzymes are associated with the roots of intact corn seedlings. Distinction has been made between exocellular enzymes released into the culture media and enzymes apparently bound to the root surface.
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A previous paper from this laboratory (17) reviewedl earlier studies and presented evidence for the occurrence of exocellular enzymnes associated with the primary cell w all of corn coleoptiles. Of particular relevance to the present work is a report (36) of the secretion of peroxi(lase, aci(l phosphatase, indolylacetic aci(l oxidase, and amylase into the culture media bathing plant tissue cultures. In addition, reports have appeared (2, 6, 14) of the occurrence of an exocellular invertase, possibly involved in sucrose metabolism by roots.
In the present work it is reporte(I that invertase, cellobiase, adenosine tri phosphatase, pyrophosphatase, ancl nuclease activity is observed when appropriate substrates are added to nutrient solution bathing the roots of intact seedling corn plants. In addition, invertase and nuclease are (letectecl as soluble enzymes in the nutrient solution.
Materials and Methods
Corn seeds (Zea ways L. var. Michigan hybrid 350) were soaked in running water overnight, then surface sterilized by soaking in 1% sodium p-toluenesulfonchloramide (chlorazenie) for 5 minutes and finally, washed thoroughly wxith sterile glass distilled water. The soaked seeds were germinate(l between sterilized paper towels in a moist chamber at room temperature an(l used at an age of 4 to 5 days.
Two incubation methods were used, A) the substrate was addle(l to the nutrient in which the seedling roots were growing, an(l B) the seedlings were removed from the nutrient and the substrate then added.
MWethod A measured total enzymatic activity of the roots while method BP measure(l activity of enzymes present in solution. No(direct comparison may be made between the activities observed using method A and B because incubation conditions in the A series were selected to be optimal for root growth, and not for the activity being tested, while incubation conditions for B were optimal for the enzymic assay.
Assav .ilctliods for Proced(lrc 4. For all assays a total volume of 13 nml of mineral nutrient was used.
To this was added, in mmnnoles: sucrose 0.95, for invertase assay; cellobiose 0.95, for cellobiase assay; ATP 0.026 and M\gSO4 0.07 for adenosine triphosphatase assay; sodlium pyrophosphate 0.02 and _MgSO4 0.02 for pyrophosphatase assay; yeast RNA 13 nmg plus NaCl 37 mg for ribonuclease assay; salmon sperm DNA 13 nmg plus -MgSO4 13 nmg for deoxyribonuclease assay; ancl denature(l bovine serum albumin 13 mig for protease assay. After incubation at roomi temperature, for the indicated time, the amount of substrate hydrolyzed was measured as descril)e(l below.
Assav Methods for Proceduire B. For determining invertase activity (8) , the reaction mixture contained 0.15 mmole of sucrose, 0.02 mm-inole of sodium acetate at pH 4.7, an(l 1 mil of the mineral nutrient which had bathed the roots in a total \volume of 2 mil. Incubation was at 200 for 2 hours. The reaction wvas terminated by boiling for 2 minutes. The amount of substrate hydrolyzed was determined with glucose oxidase (33) .
For measuring cellobiase activity (12) , the reaction mixture contained 0.15 mmole of cellobiose, 0.5 mimiole of potassium phosphate at pH 5.2. and 1 mil of the root nutrient mediuni. Incubation and assay wvas as for invertase, described above.
For adenosine triphosphatase activity (16) , the reaction mixture containedl 0.004 mmniole of ATP, 0.12 mmoles of histidine at pH 7, 0.01 mnmole of MgSO4, andl 1 nml of root nutrient medium in a total volume of 2 nil. Incubation was at 380 for 2 hours. The reac-tion was terminated by the addition of 1 ml of 1.7 Si HCIO4 and neutralized with 0.5 ml of 3.4 M NaOH. The phosphorus liberated was determined by the Fiske and SubbaRow Method (9) . For determining pyrophosphatase activity (15) , the reaction mixture contained 0.003 mmole of sodium pyrophosphate, 0.03 mmole of veronal-HCI at pH 7.2, 0.003 mmole of MgSO4, and 1 ml of root nutrient medium in a total volume of 2 ml. Incubation was at 300 for 2 hours and the assay was as described for adenosine triphosphatase above.
For ribonuclease activity determination (25) , the reaction mixture contained 2 mg of yeast RNA, 0.1 mmole of sodium acetate at pH 5, 5.7 mg of NaC1, and 1 ml of enzyme preparation in a total volume of 2 ml. Incubation was at 250 for 2 hours. The reaction was stopped by the addition of 2 ml of MacFadyen's reagent (19) . The suspension was left at room temperature for 30 minutes and centrifuged. The amount of acid soluble RNA was determined spectrophotometrically at 260 myt. For deoxyribonuclease activity (18) , the reaction mixture contained 2 mg of salmon sperm DNA, 0.1 mmole of tris-Cl at pH 6, 2 mg of MgSO4, and 1 ml of root nutrient solution in a total volume of 3 ml. Incubation was at 330 for 2 hours. The reaction was terminated by the addition of 1 ml of 10% perchloric acid. The suspension was kept at 40 overnight and centrifuged. The amount of substrate hydrolyzed was determined by the increase in optical density at 260 mtt of the supernatant solution.
For determining protease activity, the reaction mixture contained 2 mg of denatured bovine serum albumin, 0.1 mmole of tris-Cl at pH 7.5, and 1 ml of root nutrient solution in a total volume of 2 ml. Incubation was at 250 for 2 hours. The reaction was stopped by the addition of 1 ml of 4.5 Ai trichloroacetic acid, centrifuged, and 1 ml of the supernatant fluid neutralized with 1 ml of 1.5 Ai NaOH. The tyrosine formed was determined by the blue color given with the Folin-Ciocalteau phenol reagent (13 Table I presents enzymic activities as determined by both methods A and B. As can be seen, invertase, cellobiase, adenosine triphosphatase, pyrophosphatase, ribonuclease, and deoxyribonuclease activity could be detected when the roots of the seedlings were in contact with substrate (method A). Invertase, ribonuclease, and deoxyribonuclease activity were also found in the root culture medium (method B) and this activity was destroyed by boiling for 1 minute. No protease activity could be detected by either procedure.
The reaction rate for all activities tested, as nmeasured by procedure A, is essentially a linear function of time. This is illustrated by the curves for inver- Localization of Elszviiiic Actizvity. The roots of the seedlings were treated with 0.1 WIUHO for 0.5 minutes, followed by thorough washing with sterile glass distilled water. The average growth rate (62 X 10-5 nm/min) of treated seedling roots was found to be essentially identical with that (66 X 10-5 mmIIIl/ min) of untreated controls. Treated roots of the seedlings were tested for the ability to hydrolyze DNA by methods A and B. No enzyvic activities could be found by either method A or B. In addition it seems that root growth is independent of, at least, exocellular deoxyribonuclease.
Similar experiments, using acid to destroy exocellular enzyme activity, have previously been reported.
Willstaitter (39) Previous studies from this laboratory (17) and others (30, 35) have suggested that cell wall enzymes may account for the biosynthesis of the polymeric materials of the cell walls. Our present finding of exocellular hydrolytic enzymes associated with roots suggest that plants may hydrolyze organic soil substances independent of soil microbial activity.
Invertase activity, as well as other carbohydrases (26) have previously been reported to be associated with the external cell surface of yeast (5, 10, 27) and other fungi (21) . It has also been reported as a cellwall enzyme of higher plants (11, 17, 1) . Exocellular cellobiase activity has been found to be associated with fungus spores (22) and an unpublished observation by T. Beaman, in this laboratory, indicates its presence in plant cell walls. Exocellular adenosine triphosphatase and pyrophosphatase have not previously been studied with excised or intact plant roots. These enzymes are, however, associated with cell walls of corn (17) . The localization of adenosine triphosphatase and phosphatase activity in yeast and bacterial cell walls is well documented (34, 28, 32, 31, 20) . Exocellular nucleases have previously been observed in bacteria (24, 38) , and a recent study demonstrates ribonuclease secretion by corn scutellum (40) . Cunningham (4) 
Summary
It has been demonstrated that sucrose, cellobiose, adenosine triphosphate, pyrophosphate, ribonucleic acid, and deoxyribonucleic acid are hydrolyzed by cell surface bound enzymes, when added to a mineral nutrient solution bathing the roots of aseptic young corn seedlings. In addition invertase and nuclease are secreted into the nutrient solution by the roots as soluble exoenzymes. It is thus possible for corn roots to enzymically hydrolyze and solubilize organic soil macromolecules independently of soil microbial activity.
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